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USE OF PHARMACOLOGICALLY ACTIVE
CHEMICAL COMPOUNDS

FIELD OF THE INVENTION

[0001] The present invention relates to a new use of known
pharmacologically active chemical compounds. More par-
ticularly, the present invention relates to the new use of alpha-
ketoglutarate, amides, and salts and mixtures thereof for the
manufacture of a pharmaceutical preparation or a food or feed
supplement for the in vivo therapeutic improvement of blood
vessel elasticity, in particular arterial elasticity in a subject in
need thereof.

BACKGROUND

Gastric Surgery

[0002] With a steady increase in obesity in the Western
world, the prospect of invasive forms of weight reduction as a
mean of reducing mortality and improving co-morbid condi-
tions has become increasingly attractive. Indeed, some would
advocate it as being the only acceptable form of weight loss
since an NIH statement released in 1992 reported that non-
operative approaches have a success rate of 5% or less in
obese patients. Gastric bypass procedures have been shownto
result in up to 70% loss of excess body weight, with long-term
weight loss lasting from 10-14 years.

[0003] Recently, Coates and her colleagues reported that
such invasive procedures as the gastric bypass, appears to
have an impact on skeletal health. In a study of 25 patients
receiving gastric bypass surgery, markers of bone turnover
were found to be significantly elevated, and bone mineral
density was decreased in the hip trochanter.

[0004] Gastric bypass surgery is also known to be benefi-
cial in terms of reducing hypertension, a problem commonly
found in the morbidly obese. In a follow-up of 67 morbidly
obese patients who had been registered as hypertensive
(bp>160/90 mm Hg), gastric bypass surgery was shown to
resolve the preoperative hypertension in 44 individuals
(66%).

Blood Vessel Elasticity in Disease

[0005] It has been known for quite some time that blood
vessel elasticity, in particular arterial elasticity is involved in
the disease condition hypertension and related conditions. It
has been shown that aortic stiffness is an independent predic-
tor of progression to hypertension in nonhypertensive sub-
jects, i.e. that aortic stiffness is a risk factor for developing
hypertension that is independent of other known risk factors
(Dernellis and Panaretou, Hypertension. 2005; 45:426-431.).
Retinal vascular disease may be due to hypertensive retinopa-
thy, in turn caused by systemic hypertension.

[0006] Pulmonary hypertension (PH) is an increase in
blood pressure in the pulmonary artery, pulmonary vein, or
pulmonary capillaries, together known as the lung vascula-
ture, leading to shortness of breath, dizziness, fainting, and
other symptoms, all of which are exacerbated by exertion.
Depending on the cause, pulmonary hypertension can be a
severe disease with a markedly decreased exercise tolerance
and may lead to right-sided heart failure. Pulmonary arterial
hypertension (WHO Group 1) involves the vasoconstriction
or tightening of blood vessels connected to and within the
lungs. This makes it harder for the heart to pump blood
through the lungs. Over time, the affected blood vessels
become both stiffer and thicker, in a process known as fibro-
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sis. This further increases the blood pressure within the lungs
and impairs their blood flow. In addition, the increased work-
load of the heart causes may cause right ventricular hypertro-
phy which may progress to right ventricular failure.

[0007] Aneurysm (or aneurism) is a localized, blood-filled
dilation (balloon-like bulge) of a blood vessel caused by
disease or weakening of the vessel wall. Aneurysms most
commonly occur in arteries at the base of the brain (the circle
of Willis) and in the aorta (the main artery coming out of the
heart), a so-called aortic aneurysm. The bulge in a blood
vessel can burst and lead to illness or death at any time. The
larger an aneurysm becomes, the more likely it is to burst.
[0008] Although treatments (medical and surgical) for
hypertension, pulmonary hypertension, ventricular hypertro-
phy and aneurysms exist, there is still a need for improved
treatments having better efficacy and/or fewer side effects
and/or better cost-effectiveness.

SUMMARY OF THE INVENTION

[0009] The inventor has now shown that the elastic proper-
ties of the arteries of obese individuals change after they have
undergone gastric surgery. A bypass operation changes the
uptake of nutrients affecting the structure of arteries, in a
similar fashion to that seen in the skeletal system, with
adverse consequences for their elasticity and strength. How-
ever, no effective treatment of these negative effects has been
reported. Hence, an unmet need to prevent these negative
effects of stomach operation was identified. Furthermore, it
was also found that the same treatment may be used in other
subjects in need of improved blood vessel elasticity, for
example elderly subjects.

[0010] Thus, the present invention provides a use of at least
one member selected from the group consisting of:

[0011] a) alpha-ketoglutaric acid (AKG);

[0012] b)pharmaceutically acceptable salts of alpha-ke-
toglutaric acid;

[0013] c)amides of an amino-acid, a dipeptide or a trip-
eptide and alpha-ketoglutaric acid and pharmaceutically
acceptable salts thereof; and

[0014] d) pharmaceutically acceptable physical mix-
tures of alpha-ketoglutaric acid or a pharmaceutically
acceptable salt thereof and at least one amino acid or a
pharmaceutically acceptable salt thereof

for the manufacture of a pharmaceutical preparation or a food
or feed supplement for improving blood vessel elasticity in a
subject in need thereof.

[0015] The blood vessel is preferably an artery.

[0016] In certain embodiments, the subject is in need of
treatment and/or prophylaxis of hypertension, pulmonary
arterial hypertension, cardiovascular disease, retinal vascular
disease, heart failure, atherosclerosis, ventricular hypertro-
phy, stroke, arterial aneurysm, kidney failure, nephrosclero-
sis or diseases related to hypertension.

[0017] Inone embodiment, the present invention relates to
the use of at least one member selected from the group con-
sisting of alpha-ketoglutaric acid (AKG), pharmaceutically
acceptable salts of alpha-ketoglutaric acid, amides of an
amino-acid, a dipeptide or a tripeptide and alpha-ketoglutaric
acid and pharmaceutically acceptable salts thereof, and phar-
maceutically accepted physical mixtures of alpha-ketoglu-
taric acid or a pharmaceutically acceptable salt thereof and at
least one amino acid for the manufacture of a pharmaceutical
preparation or a food or feed supplement for the treatment of
the negative effects on blood vessels elasticity and strength of
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individuals at conditions involving malnutrition, individuals
that have undergone gastric surgery or in elderly individuals.
According to further embodiments, the gastric surgery is
gastric bypass surgery, gastrectomy, partial gastrectomy, or
gastric banding.

[0018] According to further embodiments, alpha-ketoglu-
taric acid or an alkali or alkaline earth metal salt thereof or a
combination thereof is used.

[0019] According to one embodiment of the present inven-
tion, sodium alpha-ketoglutarate is used. According to
another embodiment, calcium alpha-ketoglurate is used.
[0020] According to further embodiments, the dosage
given to a patient is in the interval from 1 to 1000 mg/kg, 10
t0 400, or 10 to 100 mg/kg body weight/day of the substance.
[0021] Inanother aspect of the present invention, a method
of treatment is provided for improving blood vessel elasticity
in a subject in need thereof, which method comprises admin-
istering to a subject in need thereof an effective amount of at
least one member selected from the group consisting of:

[0022] a. alpha-ketoglutaric acid (AKG);

[0023] b. pharmaceutically acceptable salts of alpha-ke-
toglutaric acid;

[0024] c. amides of an amino-acid, a dipeptide or a trip-
eptide and alpha-ketoglutaric acid and pharmaceutically
acceptable salts thereof; and

[0025] d. pharmaceutically acceptable physical mixtures
of alpha-ketoglutaric acid or a pharmaceutically accept-
able salt thereof and at least one amino acid or a phar-
maceutically acceptable salt thereof.

[0026] The blood vessel of the method is preferably an
artery.
[0027] The subject to whom the treatment is administered

to may be in need of treatment and/or prophylaxis of hyper-
tension, pulmonary arterial hypertension, cardiovascular dis-
ease, retinal vascular disease, heart failure, atherosclerosis,
ventricular hypertrophy, stroke, arterial aneurysm, kidney
failure, nephrosclerosis or diseases related to hypertension.
[0028] In accordance with the present invention, it was
surprisingly found that alpha-ketoglutaric acid (AKG), phar-
maceutically acceptable salts of alpha-ketoglutaric acid and
amides of an amino-acid, a dipeptide or a tripeptide and
alpha-ketoglutaric acid and pharmaceutically acceptable
salts thereof and pharmaceutically acceptable physical mix-
tures of alpha-ketoglutaric acid or a pharmaceutically accept-
able salt thereof and at least one amino acid or a pharmaceu-
tically acceptable salt thereof may be used for the in vivo
therapeutic treatment of the negative effects on blood vessels
elasticity and strength of individuals that have undergone
gastric surgery. According to further embodiments, the gas-
tric surgery is gastric bypass surgery, gastrectomy, partial
gastrectomy, or gastric banding.

[0029] In a further embodiment, the present invention
relates to a method for the treatment of the negative effects on
blood vessels elasticity and strength of individuals that have
undergone gastric surgery, which method comprises admin-
istering to a subject in need for such treatment or prophylaxis
an effective amount of at least one member selected from the
group consisting of alpha-ketoglutaric acid (AKG), pharma-
ceutically acceptable salts of alpha-ketoglutaric acid, amides
of'an amino-acid, a dipeptide or a tripeptide and alpha-keto-
glutaric acid and pharmaceutically acceptable salts thereof,
and pharmaceutically accepted physical mixtures of alpha-
ketoglutaric acid or a pharmaceutically acceptable salt
thereof and at least one amino acid.
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[0030] According to further embodiments, the gastric sur-
gery is gastric bypass surgery, gastrectomy, partial gastrec-
tomy, or gastric banding.

[0031] In a further embodiment, the present invention
relates to a method for the treatment of the negative effects on
blood vessels elasticity and strength of individuals at condi-
tions involving malnutrition or in elderly individuals, which
method comprises administering to a subject in need for such
treatment or prophylaxis of an effective amount of at least one
member selected from the group consisting of alpha-ketoglu-
taric acid (AKGQG), pharmaceutically acceptable salts of alpha-
ketoglutaric acid, amides of an amino-acid, a dipeptide or a
tripeptide and alpha-ketoglutaric acid and pharmaceutically
acceptable salts thereof, and pharmaceutically accepted
physical mixtures of alpha-ketoglutaric acid or a pharmaceu-
tically acceptable salt thereof and at least one amino acid.
[0032] According to further embodiments, alpha-ketoglu-
taric acid or an alkali or alkaline earth metal salt thereof or a
combination thereof is used.

[0033] According to one embodiment of the present inven-
tion, sodium alpha-ketoglutarate is used. According to
another embodiment, calcium alpha-ketoglurate is used.
[0034] According to further embodiments, the dosage
given in the method of the invention to a patient is in the
interval from 1 to 1000 mg/kg, 10 to 400, or 10 to 100 mg/kg
body weight/day of the substance.

BRIEF DESCRIPTION OF THE DRAWINGS

[0035] The present invention will be further explained in
the following description with the aid of preferred embodi-
ments, example studies and accompanying drawings of
which

[0036] FIG. 1 shows elastic recoil recordings from aorta
sections of bypass (B) and sham operated rats (S) adminis-
tered AKG (+AKG) or vehicle (-AKG). Recordings were
made to a force transducer attached to an A/D converter at a
sampling rate of 1,000 samples/s. Each point represents the
mean+SE. Significant differences between the means are
given: a & d=p<0.05 and b=p<0.01, c=p=0.01. Animals allo-
cated to the four groups were as follows; B-AKG n=6,
B+AKG n=11, S-AKG n=12 and S+AKG n=12.

[0037] FIG. 2 shows a typical experimental trace for an
aorta section exposed to a series of stretch and relaxation
cycles. The maximum stretch applied was approximately
0.14% of that measured in rat aorta (range 13-14 kPa). Note
the slope of the line for the 1st stretch/relaxation cycle, com-
pared to the slope of the lines for the 2nd and 3rd cycles. This
slope represents the elastic recoil (approx. 16% of the manu-
ally applied tension) inherent in the aorta section. Clearly
repeated stretch/relaxation cycles in this range results in
reduced elasticity

[0038] FIG. 3 is not included.

[0039] FIG. 4 shows a first stretch series: Elastic recoil
recordings from aorta sections of CONTROL and (A)
Na-AKG as well as (B) Ca—AKG treated mice. Recordings
were made to a force transducer attached to an A/D converter
at a sampling rate of 1,000 samples/s. Each point represents
the mean=SE. Significant differences between the means are
given: a=P<0.05 and b=P<0.01, ¢c=P<0.001. Animals allo-
cated to the three groups were n=6 for all.

[0040] FIG. 5 shows a second stretch series: Elastic recoil
recordings from aorta sections of CONTROL and (A)
Na-AKG as well as (B) Ca—AKG treated mice. Recordings
were made to a force transducer attached to an A/D converter
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at a sampling rate of 1,000 samples/s. Each point represents
the mean+SE. Significant differences between the means are
given: a=P<0.05 and b=P<0.01, ¢c=P<0.001. Animals allo-
cated to the three groups were n=6 for all.

DETAILED DESCRIPTION

[0041] It is an object of the present invention to provide an
effective and safe treatment that can be used to improve blood
vessel elasticity in a subject in need thereof. In a preferred
embodiment, the blood vessels whose elasticity is improved
are arteries, but elasticity of veins, capillaries, venules and
arterioles may also be improved by the invention.

[0042] As there is an established link between blood vessel
elasticity and in particular arterial elasticity to hypertension
and pulmonary arterial hypertension the provided treatment
improving blood vessel elasticity can be used in the manu-
facture of a medicament for the treatment and/or prophylaxis
of'hypertension and pulmonary arterial hypertension. In turn,
hypertension is known to be a causative factor in cardiovas-
cular disease, retinal vascular disease, heart failure, stroke,
atherosclerosis, kidney failure, nephrosclerosis and other dis-
eases. Similarly, pulmonary arterial hypertension is known to
be a causative factor in right ventricular hypertrophy. Thus,
the provided treatment improving blood vessel elasticity can
be used in the manufacture of a medicament for the treatment
and/or prophylaxis of said diseases and conditions where
hypertension and pulmonary arterial hypertension are a caus-
ative factor or a risk factor, as well as other diseases and
conditions where hypertension and pulmonary arterial hyper-
tension are a causative factor or a risk factor. The provided
treatment may also be used in the manufacture of a medica-
ment for the treatment and/or prophylaxis of other conditions
where blood vessel elasticity is known to be impaired.
[0043] It is a further object of the present invention to
provide an effective and safe treatment of the negative effects
on the elasticity and strength of blood vessels arising from a
gastric operation.

[0044] The term “treatment” in its various grammatical
forms in relation to the present invention refers to preventing,
curing, reversing, attenuating, alleviating, ameliorating,
inhibiting, minimising, suppressing, or halting the negative
effects of the condition being treated.

[0045] The term “negative effects” in relation to gastric
surgery in the context of the present invention refers to the
adverse impact on blood vessel performance, e.g. arterial
elasticity and/or strength, seen following gastric surgery. For
example a decreased elasticity of the arteries is seen follow-
ing a gastric bypass operations.

[0046] The term “malnutrition” means a medical condition
caused by an improper or insufficient diet, typically resulting
from inadequate consumption, poor absorption, or excessive
loss of nutrients.

[0047] Certain conditions related to malnutrition appear
despite a proper diet. For example, gastrointestinal tract func-
tion may become impaired because of old age or other sick-
ness. In such cases the impaired digestion may be due to e.g.
lack of or improper production of host digestive enzymes in
stomach, intestine, pancreas, etc.; inadequate bile production;
inadequate gastric pH (impaired HCI production); or other
causes. Villar atrophy due to destruction of the villi by aging,
diet (e.g. gluten intolerance) or a disease may be a direct cause
for malnutrition due to impaired absorption. Conditions
involving bacterial overgrowth or lack of gut bacteria can also
be a reason for malnutrition. There are several additional
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causes for malnutrition e.g., gut cancers, surgery, toxins,
genetic, circulatory (blood and lymph) problems, anorexia,
etc. In any case, malnutrition and conditions related to mal-
nutrition result in kachexia and lowering down of vital func-
tions.

[0048] The term “elderly” in the context of the invention
means a chronological age where age-related degeneration of
the organism (e.g human) is starting to become evident. In
case of humans, elderly may be defined as being over 40 years
of'age, preferably over 50 years of age, more preferably over
60 years of age, or most preferably over 65 years of age.
[0049] By “improving blood vessel elasticity” is meant that
the elasticity of the blood vessels becomes greater, i.e. the
vessels become less stiff. The term also encompasses
increased tensile strength of the vessels.

[0050] Examples of gastric surgery encompassed in rela-
tion to the present invention include but are not limited to
gastric bypass surgery, gastrectomy, partial gastrectomy, and
gastric banding.

[0051] Thus according to one aspect of the present inven-
tion, there is provided the new use of at least one member
selected from the group consisting of alpha-ketoglutaric acid,
and pharmaceutically acceptable salt thereof, amides of
alpha-ketoglutaric acid and an amino acid or a dipeptide or a
tripeptide and pharmaceutically acceptable salts thereof,
pharmaceutically acceptable physical mixtures of alpha-ke-
toglutaric acid or a pharmaceutically acceptable salt thereof
and at least one amino acid or a pharmaceutically acceptable
salt thereof for the manufacture of a pharmaceutical prepara-
tion or a food or feed supplement for improving blood vessel
elasticity, such as for the treatment and/or prophylaxis of
hypertension, pulmonary arterial hypertension, cardiovascu-
lar disease, retinal vascular disease, heart failure, atheroscle-
rosis, ventricular hypertrophy, stroke, arterial aneurysm, kid-
ney failure, nephrosclerosis and diseases related to
hypertension.

[0052] In a preferred embodiment, the pharmaceutical
preparation is directed to improving the elasticity of arteries.
[0053] Inoneembodiment, the pharmaceutical preparation
is directed to subjects that have undergone gastric surgery.
[0054] Inoneembodiment, the pharmaceutical preparation
is directed to subjects that suffer from conditions involving
malnutrition.

[0055] Inoneembodiment, the pharmaceutical preparation
is directed to subjects that are elderly.

[0056] According to one embodiment of the invention
alpha-ketoglutaric acid or an alkali or alkaline earth metal salt
thereof or a combination thereof is used.

[0057] Preferably sodium alpha-ketoglutarate is used.
Even more preferably, calcium alpha-ketoglurate is used.
Sodium alpha-ketoglutarate provides faster uptake after
enteral administration with higher peak blood levels, whereas
calcium alpha-ketoglutarate provides slowed uptake with
longer lasting effect after enteral administration. Example 2
shows that calcium alpha-ketoglutarate gives better effect in
certain conditions than sodium alpha-ketoglutarate.

[0058] In a further aspect, the present invention relate to a
method for improving blood vessel elasticity, such as for the
treatment and/or prophylaxis of hypertension, pulmonary
arterial hypertension, cardiovascular disease, retinal vascular
disease, heart failure, atherosclerosis, ventricular hypertro-
phy, stroke, arterial aneurysm, kidney failure, nephrosclero-
sis and diseases related to hypertension, which method com-
prises administering to a subject in need for such treatment or
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prophylaxis of an effective amount of at least one member
selected from the group consisting of alpha-ketoglutaric acid,
and pharmaceutically acceptable salt thereof, amides of
alpha-ketoglutaric acid and an amino acid or a dipeptide or a
tripeptide and pharmaceutically acceptable salts thereof,
pharmaceutically acceptable physical mixtures of alpha-ke-
toglutaric acid or a pharmaceutically acceptable salt thereof
and at least one amino acid or a pharmaceutically acceptable
salt thereof.

[0059] According to certain embodiments the subject has
undergone gastric surgery, suffers from a condition related to
malnutrition, or is elderly.

[0060] According to some embodiments of these aspects
alpha-ketoglutaric acid or an alkali or alkaline earth metal salt
thereof or a combination thereof is administered. Preferably
sodium alpha-ketoglutarate is administered. More preferably,
calcium alpha-ketoglutarate is administered.

[0061] The pharmaceutical preparations of the active prin-
ciple or principles used in accordance with the present inven-
tion may be administered to a vertebrate, including mammals
and birds, such as rodent, such as a mouse, rat, guinea pig, or
a rabbit; a bird, such as a turkey, hen or chicken and other
broilers and free going animals; a cow, a horse, a pig or piglet
and other farm animals, a dog, a cat and other pets, and in
particular humans.

[0062] Administration may be performed in different ways
depending on which species of vertebrate to treat, on the
condition of the vertebrate in the need of said methods, and on
the specific indication to treat.

[0063] In one embodiment, the administration is done as a
food or feed supplement, such as a dietary supplement and/or
a component in form of solid food and/or beverage. Further
embodiments may be in suspensions or solutions, such as a
beverage further described below. Also, the formats may be in
capsules or tablets, such as chewable or soluble, e.g. effer-
vescent tablets, as well as powder and other dry formats
known to the skilled man in the art, such as pellets, such as
micropellets, and grains.

[0064] The administration may be as a parenteral, rectal or
oral food or feed supplement, as revealed above. Parenteral
vehicles include sodium chloride solution, Ringer’s dextrose,
dextrose and sodium chloride, lactated Ringer’s or fixed oils.
[0065] The food and feed supplement may also be emulsi-
fied. The active therapeutic ingredient or ingredients may
then be mixed with excipients, which are pharmaceutically
acceptable and compatible with the active ingredient. Suit-
able excipients are, for example, water, saline, dextrose, glyc-
erol, ethanol, or the like and combinations thereof. In addi-
tion, if desired, the composition can contain minor amounts
ofauxiliary substances such as wetting or emulsifying agents,
pH, buffering agents, which enhance the effectiveness of the
active ingredient.

[0066] Different formats of the parental food or feed
supplement may be supplied, such as solid food, liquids or
lyophilized or otherwise dried formulations. It may include
diluents of various buffers (e.g., Tris-HCl, acetate, phos-
phate), pH and ionic strength, additives such as albumin or
gelatine to prevent absorption to surfaces, detergents (e.g.,
Tween 20, Tween 80, Pluronic F68, bile acid salts). solubi-
lizing agents (e.g., glycerol, polyethyleneglycerol), anti-oxi-
dants (e.g., ascorbic acid, sodium metabisulfite), preserva-
tives (e.g., Thimerosal, benzyl alcohol, parabens), bulking
substances or tonicity modifiers (e.g., lactose, mannitol),
covalent attachment of polymers such as polyethylene glycol
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to the composition, complexation with metal ions, or incor-
poration of the material into or ontoparticulate preparations
of polymeric compounds such as polylactic acid, polglycolic
acid, hydrogels, etc, or onto liposomes, microemulsions,
micelles, unilamellar or multilamellarvesicles, erythrocyte
ghosts, or spheroplasts.

[0067] Inone embodiment, the food or feed supplement is
administered in the form of a beverage, or a dry composition
thereof, in any of the methods according to the invention.
[0068] The beverage comprises an effective amount of the
active ingredient or ingredients thereof, together with a nutri-
tionally acceptable water-soluble carrier, such as minerals,
vitamins, carbohydrates, fat and proteins. All of these com-
ponents are supplied in a dried form if the beverage is pro-
vided in a dry form. A beverage provided ready for consump-
tion further comprises water. The final beverage solution may
also have a controlled tonicity and acidity, e.g. as a buffered
solution according to the general suggestions in the paragraph
above.

[0069] The pH is preferably in the range of about 2-5, and
in particularly about 2-4, to prevent bacterial and fungal
growth. A sterilised beverage may also be used, with a pH of
about 6-8.

[0070] The beverage may be supplied alone or in combina-
tion with one or more therapeutically effective composition.
[0071] According to a further embodiment the pharmaceu-
tical preparations as drug for oral and rectal use may be in the
form of tablets, lozenges, capsules, powders, aqueous or oily
suspensions, syrups, elixirs, aqueous solutions and the like
comprising the active ingredient or ingredients in admixture
with a pharmaceutically acceptable carrier and/or additives,
such as diluents, preservatives, solubilizers, emulsifiers, adju-
vants and/or carriers useful in the methods and use disclosed
in the present invention.

[0072] Further, as used herein “pharmaceutically accept-
able carriers” are well known to those skilled in the art and
may include, but are not limited to, 0.01-0.05M phosphate
buffer or 0.8% saline. Additionally, such pharmaceutically
acceptable carriers may be aqueous or non-aqueous solu-
tions, suspensions, and emulsions. Examples of non-aqueous
solvents are propylene glycol, polyethylene glycol, vegetable
oils such as olive oil, and injectable organic esters such as
ethyl oleate. Aqueous carriers include water, alcoholic/aque-
ous solutions, emulsions or suspensions, including saline and
buffered media. Parenteral vehicles include sodium chloride
solution, Ringer’s dextrose, dextrose and sodium chloride,
lactated Ringer’s or fixed oils. Preservatives and other addi-
tives may also be present, such as, for example, antimicrobi-
als, antioxidants, chelating agents, inert gases and the like.
[0073] In the amides of an amino-acid, a dipeptide or a
tripeptide and alpha-ketoglutaric acid, the amino-acid or the
amino-acids forming the dipeptide or tripeptide may be any of
the amino acids occurring as components in peptides in
nature. The same applies to the pharmaceutically accepted
physical mixtures of alpha-ketoglutaric acid or salts thereof
with at least one amino acid. Preferably the amino acid or
acids is/are selected from the group consisting of arginine,
ornithine, leucine, isoleucine and lysine.

[0074] Said amino acids are preferably used in their L-con-
figuration.
[0075] Example as of amides of alpha-ketoglutaric acid

with an amino acid or a di- or tripeptide include, but are not
limited to, amides of alpha-ketoglutaric acid with an amino
acid selected from the group consisting of glutamine,
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glutamic acid, arginine, ornithine, lysine, proline, isoleucine
and leucine and amides of alpha-ketoglutaric acid with a
dipeptide of glutamine and any of glutamic acid, arginine,
ornithine, lysine, proline, isoleucine and leucine and with a
dipeptide of glutamic acid and any of arginine, ornithine,
lysine, proline, isoleucine and leucine.

[0076] Examples of physical mixtures of alpha-ketoglu-
taric acid or salts thereof with at least one amino acid
includes, but are not limited to physical mixtures of at least
one member selected from the group consisting of alpha-
ketoglutaric acid and the sodium, potassium, calcium and
magnesium salts thereof with any of glutamine, glutamic
acid, arginine, ornithine, leucine, isoleucine, lysine and pro-
line and any combinations of said amino acids.

[0077] The molar ratio of alpha-ketoglutaric acid or salts
thereofto amino acid or amino acids of said physical mixtures
will in general be within the limits of from 1:0.01 to 1:2,
preferably from 1:0.1 to 1:1.5 and most preferably from 1:0.2
to 1:1.0.

[0078] The dosage to be administered will vary depending
on the active principle or principles to be used, the condition
to be treated, the age, sex, weight etc. of the patient to be
treated but will generally be within the range from 1 to 1000
mg/kg body weight/day, or from 10 to 400 mg/kg body
weight and day, preferably from 10 to 100 mg/kg body
weight/day.

[0079] The embodiments listed above may be freely com-
bined with one another. Thus, the details and particulars
described above and in the claims apply mutatis mutandis to
any other embodiments of the invention. While the invention
has been described in relation to certain disclosed embodi-
ments, the skilled person may foresee other embodiments,
variations, or combinations which are not specifically men-
tioned but are nonetheless within the scope of the appended
claims.

[0080] All references cited herein are hereby incorporated
by reference in their entirety.

[0081] The expression “comprising” as used herein should
be understood to include, but not be limited to, the stated
items.

[0082] The invention will now be further illustrated by
means of example which should not be construed to limit the
scope of the invention.

EXAMPLES
Example 1

[0083] This study aims to address, 1) the effect on the
elasticity of arteries of a bypass operation in rats, linking the
oesophagus to the duodenum, 2) the long-term implications
of just such an operation on blood pressure, and 3) any ben-
eficial effect of AKG-intake with respect to reversal of any
changes in arterial elasticity arising from a bypass-operation.

Animals and Aorta Preparation

[0084] Adult male Sprague Dawley rats, housed at the ani-
mal facilities of the Department of Comparative Physiology,
Lund University, were used. The animals were raised under
the same conditions with a 12/12 light cycle, and had a body
weight of 479+5 g. Rats were fed rodent pellets ad libitum
(Altromin no. 1314 Spezialfutterwerke, Lage, Germany) and
given free access to drinking water. Rats were grouped
accordingly, Bypass operated without AKG (B-AKG) (n=6),
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Bypass operated with AKG (B+AKG) (n=11), Sham oper-
ated without AKG (S-AKG) (n=12), Sham operated with
AKG (S+AKG) (n=12).

[0085] The rats were killed by exposure to 95% CO, and
cervical dislocation. Rats werekilled in accordance with local
and national guidelines.

[0086] A dissected portion of the abdominal aorta, prior to
the right- and left common iliac arteries, was carefully
cleaned to remove adhering tissues. The aorta was cut into
approx. 6-9 mm pieces with a diameter at rest of 3-4 mm, and
each piece was then securely attached at one end to a force
transducer and at the other to a metal pin on a mounting block,
as described in part (Harrison et al. Reprod Fertil Dev. 1997,
9(7):731-40, Harrison and Flatman Am J Physiol. 1999
December; 277(6 Pt 2):R1646-53). The weight of the aorta
pieces was in the range of 8-25 mg (median 14.32 mg) with an
average diameter of 3.75+0.08 mm.

[0087] Aorta sections were immersed into oxygenated and
thermostatically controlled chambers (37° C.), having an
internal depth and diameter of 5.5 and 3.2 cm, respectively,
and holding 44 ml of phosphate buffered saline (0.15 M PBS,
pH 7.4) comprising in mM; NaCl 13691, KCl 2.68,
Na,HPO, 8.08 and NaH,PO, 1.66. Force was measured
using a FTO3 force displacement transducer (Grass Instru-
ment, West Warwick, R.1.) connected to a home-built bridge
amplifier which was interfaced with a 8S PowerLab A/D
Converter (ADInstruments, Chalgrove, Oxfordshire, UK).
The transducer had a functional range 0-0.05 kg, with a reli-
able force of 2 mg, equivalent to 0.004% of the functional
range. The PowerLab 8S A/D converter was connected to an
iBook G4 running Chart5 v.5.4 Software (AD Instruments,
Australia). The data recording was at a sampling speed of
40,000 data samples per second (40 KHz) and the input
impedance of the amplifier was 200 MQ differential

Force Measurements

[0088] Aorta sections were suspended vertically, and in
triplicate. The recorded signal was adjusted to zero for un-
tensioned aorta sections with the aid of an offset dial mounted
onthe pre-amplifier unit. Each aorta section was then exposed
to approx. 5 step-wise increases in tension (each step being
approx. 0.09 N), until a final maximal tension of 0.49 N
(measured using the FT03 Grass Force transducer) was
achieved. This final level of tension was by no means close to
the physiological maximum force recorded in aorta sections.
The aorta sections were then allowed to relax totally before
being exposed to repeat step-wise increases in tension a fur-
ther two more times. Aorta sections were subsequently
removed and weighed. A recording speed of 1000 data
samples per sec was used.

[0089] Immediately after a step-wise increase in tension,
the recording trace was seen to fall very slightly as the aorta
tissue exerted a degree of' elastic recoil. This fall in the record-
ing trace was measured over as a unit of time.

Tension Calculations

[0090] LaPlace’s equation assumes the tension (T) in the
wall of a hollow cylinder is directly proportional to the cyl-
inders radius (r) and the pressure (p) across the wall, caused
by the flow inside the cylinder, such that T=pxr. If one
assumes that the tension in the wall of the aorta sections is
equivalent to that recorded by the force transducer as the
result of a manual stretch, then the pressure that would have
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given rise to such an increase in tension can be calculated
using LaPlace’s equation and the measured radius of each
aorta section.

Statistical Analysis

[0091] Data are presented as mean+SE. Differences
between means were tested for statistical significance with
the use of a student’s paired t-test with an additional test for
Gaussian Normal Distribution. Data were found to be nor-
mally distributed and to have equal variance. Differences
showing a P value >0.05 were considered non-significant.

Results
Tension & Pressure Measurements

[0092] Typically, aorta sections were exposed to approx.
0.034 N (0.49 N max. tension/14.32 mg median tissue wt.) of
tension per mg wet weight when fully tensioned. Thus using
LaPlace’s equation and an average aorta radius of 1.87 mm,
the pressure generated was in the order of 0.018 kPa. Such a
pressure increase represents 0.18% of that typically found in
human arteries (10 kPa), and approximately 0.14% of that
measured in rats (13-14 kPa) (Carroll et al. 2006; Duka et al.
2006).

[0093] An average manual step increase in tension gener-
ated 0.09 N (4.95x10-3 N/mg wet wt.), and aorta sections
were typically found to recoil by 0.015 N, a value that repre-
sents approximately 16% of the manually applied tension.

Sham-Operated Control Rats

[0094] The elasticity of the aorta from the controls was
significantly higher than in the bypass-operated rats (P=0.
007; 1.9x10-7+0.2x10-7 N ms—1 mg-1 wet wt. versus 4.9x
10-7+0.8x10-7 N ms-1 mg-1 wet wt. for B-AKG and
S-AKG groups, respectively). AKG-intake had no effect on
this phenomenon in the control group (P=0.44).

Bypass-Operated Rats

[0095] Both without and with AKG-intake, bypass-oper-
ated rats showed a lower elasticity of aorta than the control
rats (P=0.037; 3.1x10-7£0.4x10-7 N ms—-1 mg-1 wet wt.
versus 4.9x10-7+0.8x10-7 N ms-1 mg-1 wet wt. for
B+AKG and S-AKG groups, respectively). AKG-intake had
a significant effect in the bypass-operated rats, increasing the
arterial elasticity to a level between the control rats and the
bypass-operated (B-AKG); P=0.047; 1.9x10-7+0.2x10-7
N ms-1 mg-1 wet wt. versus 3.1x10-7£0.4x10-7 N ms-1
mg-1 wet wt. for B-AKG and B+AKG groups, respectively
(see FIG. 1).

Stretch Series

[0096] In all the arteries studied, the initial stretch series
(e.g. application of tension followed by relaxation) led to a
decrease in elasticity under subsequent applications of ten-
sion. This effect may be compared to the sort of damage that
would be expected to arise with a sudden increase in blood
pressure (see FIG. 2).

Discussion

[0097] The results of this study clearly show that bypass
surgery has an adverse impact on arterial elasticity. Moreover,
to our knowledge, this is the first time that such a surgical
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procedure has been documented as resulting in a dramatic
change in arterial elasticity. A similar change is also shown to
take place with a stretch comparable to a sudden rise in blood
pressure.

Bypass Surgery

[0098] The bypass-operated rats in this experiment were
not obese or in any other way different from the sham-oper-
ated control group. Both groups were exposed to surgery, so
any stress related to the surgical procedures was common to
them both. The groups remained different, however, in terms
of the surgical bypass procedure, linking the oesophagus to
the duodenum. This type of bypass operation may be com-
pared to the stomach bypass operation of the Roux-en-Y,
where most of the stomach and the duodenum are bypassed in
a way which allows some gastric (from the proximal part),
pancreatic, biliary and duodenal secretion. This is the most
common procedure at present when choosing bariatric sur-
gery as the treatment for morbid obesity (Adrian et al 2003).
[0099] Stomach bypass surgery is supposed to limit the
food intake and thereby prevent obesity. This effect is quite
clearly seen (Coates et al 2004, Cowan and Buffington 1998,
Fernstrom et al 2006), but the physiological consequences
must also be considered.

[0100] The stomach is, apart from acting as a reservoir for
and performing the mechanical breakdown of food, also a
place for digestion and secretion. When the food gets into the
stomach, there is a phase where the digestive enzymes from
saliva are still working. Lack of this phase in digestion may
especially affect the breakdown of starch. Although this
would give less energy, it ought not be vital or create major
problems in digestion. The same may be said for the mechani-
cal breakdown of food particles in general.

[0101] A more severe aspect is the missing secretion of the
stomach. The important components here are the enzymes
pepsin and lipase, intrinsic factor and hydrochloric acid. Pep-
sin is vital for protein breakdown, and the enzyme needs HC1
to be activated from the secreted pepsinogen to pepsin. Lack
of'a stomach may therefore have severe consequences for the
amino acid intake and cause amino acid deficiency. Another
aspect of this is the release of minerals and vitamins bound to
enzymes. If the micronutrients are not released, they cannot
be absorbed further along the digestive tract. Lipase from the
stomach will break down triglycerides, but even if this does
not happen, the triglycerides will still be met with lipases
from the pancreas, and the need for fatty acids ought to be
met.

[0102] The regulation of pancreatic secretion or bile will
though be less regulated without the stomach, since the acid-
ity of the entered solution in the duodenum regulates this
secretion. The stomach also regulates the amount of food let
through into the duodenum at any given time. The transport is
dependent on content of carbohydrates, proteins or fats,
where fats give the smallest amount and carbohydrates the
largest amount through at any given time. This mechanism
secures an efficient digestion and regulates the speed of
movement through the intestine. With a bypass surgery, this
mechanism has been abolished, and the general digestion is
compromised. With the changed acidity and the change in
flow speed, mal-absorption or diminished absorption may
occur for certain components.

[0103] Vitamin B12 is released from proteins and intrinsic
factor is secreted in the stomach. Intrinsic factor is vital for the
absorption of B12 in ileum. Vitamin B12 is normally present
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in abundance, but suddenly after the operation, it may not be
the case. It is also reported that in humans, Vitamin B12
deficiency is seen in 70% of the bypass-operated patients
when they are followed after the operation Lynch et al. 2006,
Shah et al 2006). The same authors report anaemia which may
also partly be due to iron deficiency caused by less release
from especially proteins when the environment is less acidic,
and partly be due to the vitamin deficiency. Ca and folate
deficiency is also reported after bypass surgery (Lynch 2006,
Parkes 2006, Shah 2006). If this is due to poor absorption
without the duodenum, or if this is due to less availability of
the two is not clear. In the present rat study, the duodenum
ought to functioning, but the change in flow and pH may
affect the breakdown and nutrients all through the rest of the
intestine and show a different pattern of absorption. The flow
may very well be affected by influx of hyper-osmolar material
into the intestine. This is supported by the assumption, that a
flow of hyper-osmolar food into the small intestine may be the
cause of the ‘dumping syndrome’ in some patients with stom-
ach bypass (Lynch et al 2006) which may respond with vom-
iting.

[0104] In our study, the stress effect of the operation is
taken into account by using sham-operated rats as our control
group. Furthermore, none of the rats were obese or hyperten-
sive before the operation, and we may assume that the arteries
had normal elasticity prior to the bypass operation.

[0105] In humans, a fall in blood pressure following the
bypass operation is seen (Coates, Buffington 1998, Fernstrom
et al 2006, Foley et al 1992). This is probably mainly due to
the weight loss, but it may also partly be due to a change in
metabolism and hormonal balance. The change in arterial
elasticity seen in our bypass-operated rats is therefore not
very likely caused by hypertension, since a slight drop in
blood pressure or staying normo-tensive is to be expected.
[0106] Following the operation, our measurements show
clearly a decreased elasticity of the arteries.

[0107] The questions are now, what happens after the
operation? And what may affect the walls of the arteries?
Gokcee et al (2005) report a long-term improvement of endot-
helium-dependent flow-mediated vasodilation with weight
loss, and this improvement is significantly better in stomach-
bypassed patients when compared with weight loss from
medical therapy. In our rats, who were not overweight before
the operation, we are only looking at effects of changes in the
body’s access to nutrients and possible changes in metabolic
and hormonal balance.

[0108] Cations like calcium and potassium, which might
affect the blood pressure, are to a high degree bound to the
charged proteins, and are most likely present in less than
normal concentrations.

[0109] The explanation is possibly to be found somewhere
else. If the proteins are not broken down or only partly broken
down, there will not be enough amino acids to be transported
over the intestine. This must affect the protein turnover. In the
artery wall the elasticity is partly due to the connective tissue
in the walls. This tissue is remodelled all the time, and if
damaged, it will be repaired. If there is an insufficient amount
of amino acids available for remodelling or repair, the wall
will loose its elasticity over time. Another factor adding to this
might be a different hormonal balance due to the difference in
signals sent from the alimentary tract. This may be due to the
same causes as the ones giving an increase in bone turn-over
with an increased bone resorption and following decrease in
bone mass found in stomach-bypassed humans. Part of the
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reason could be, that the proteins necessary for healthy turn-
over cannot be digested by the stomach-bypassed rat. The
higher turn-over of bone speaks also for a hormonally regu-
lated cycle which has been reprogrammed. If the elasticity is
diminished, it is either the structure or the percentage of
elastic fibres which gives the overall change.

Stretch Effect

[0110] The fluid pressure P within a vessel wall is balanced
by the tension T of the wall, divided by the radius of curvature
r and the external pressure pn, such that P=pn+T(1/r), as
defined according to Laplace’s law. If one chooses to neglect
external pressure and any support from surrounding tissues,
dealing only with a cylindrical vein or artery of a reasonable
size, then the equation can be reduced to P=T/r. Furthermore
it is well known that the tension developed depends upon the
thickness of the vessel wall, that is to say the amount of
membrane and muscular tissue comprising the wall of a blood
vessel. Thus, if one maintains a constant pressure, then the
reduced equation would predict that the thickness of the ves-
sel wall should vary with the radius of the vessel. In reality,
however, pressure within the circulatory system is not con-
stant, indeed it falls off through loss by friction. Yet despite
this, for a time the larger and smaller vessels follow the rule
laid down by the simplified equation with wall thickness
being proportional to vessel size.

AKG Effect

[0111] Itis known that certain amino acids are metabolised
within the wall of the intestine—point out preferential use of
AKG to AAs and thus with AKG supplement AA absorption
may be enhanced in the bypass rats cf. bypass without AKG.

Conclusions

[0112] The results of this study indicate that a bypass
operation of this type affects the elasticity of the arteries to a
significant degree.

[0113] AKG-intake has a positive effect on the elasticity of
the arteries in bypass-operated rats, but not in controls.
[0114] Sudden high passive tension has a persistent effect
on elasticity of the arteries in both control and bypass-oper-
ated rats, making the vessels less able to take sudden pressure
changes.

Example 2
Methods

[0115] The purpose of the study was to elucidate whether
the effect observed in the study of example 1 was limited to
subject having undergone gastric surgery. This time, experi-
mental subjects that were in need of increased artery elasticity
for a more general reason, namely advanced age, were stud-
ied.

Local Ethical Permission

[0116] The study was approved by the Ethical Review
Committee for Animal Experiments at Lund University
(Ethical allowance M14-05), and was conducted according to
European Community regulations concerning the protection
of experimental animals.

Animals and Aorta Preparation

[0117] Female NMRI mice, aged 50 weeks at the start of
the trial, were housed at the animal facilities of the Depart-



US 2011/0039935 Al

ment of Cell & Organism Biology, Lund University, Sweden.
The animals were raised under the same conditions with a
12/12 hour light-dark cycle. Mice were fed rodent pellets ad
libitum (Altromin no. 1314 Spezialfutterwerke, Lage, Ger-
many) and given free access to drinking water. Mice were
randomly allocated to one of three groups, and fed for 182
days until they had reached 76 weeks of age, at which time
they had a body weight of 28+7 g. Mice in Group 1 were fed
rodent pellets plus (2% w/v) Na,-AKG 2H,O (n=6), whilst
mice in Group 2 were fed rodent pellets plus (2% w/v)
Ca-AKG H,O (n=6). Mice allocated to Group 3 were only
fed rodent pellets and were considered to be the Control group
(n=6). The level of AKG fed as a supplement to the diet
represented 2% of the voluntary feed intake of the mice,
which was approx. 10-15% of body weight per day.

[0118] The mice were anaesthetized by exposure to 95%
CO, and killed by cervical dislocation. A dissected portion of
the abdominal aorta, prior to the right- and left common iliac
arteries, was carefully cleaned to remove adhering tissues.
The aorta was cut into approx. 4.5 mm pieces with a diameter
at rest of approx. 1 mm, and each piece was then securely
attached at one end to a force transducer and at the other to a
metal pin on a mounting block, as described in part (Harrison
et al. Reprod Fertil Dev. 1997; 9(7):731-40, Harrison and
Flatman Am J Physiol. 1999 December; 277(6 Pt 2):R1646-
53). The weight of the aorta pieces was determined using a
scale capable of recording the weight to the nearest 0.01 mg
and was on average 2.75 mg.

[0119] Aorta sections were immersed into oxygenated and
thermostatically controlled chambers (37° C.), having an
internal depth and diameter of 5.5 and 3.2 cm, respectively,
and holding 44 ml of phosphate buffered saline (0.15 M PBS,
pH 7.4) comprising in mM; NaCl 136.91, KCl 2.68,
Na,HPO, 8.08 and NaH,PO, 1.66. Force was measured
using a FTO3 force displacement transducer (Grass Instru-
ment, West Warwick, R.1.) connected to a home-built bridge
amplifier which was interfaced with a 8S PowerLab A/D
Converter (ADInstruments, Chalgrove, Oxfordshire, UK).
The transducer had a functional range 0-0.05 kg, with a reli-
able force of 2 mg, equivalent to 0.004% of the functional
range. The PowerLab 8S A/D converter was connected to an
iBook G4 running Chart v.5.4 Software (AD Instruments,
Australia). The data recording was at a sampling speed of
40.000 data samples per second (40 KHz) and the input
impedance of the amplifier was 200 MQ differential

Force Measurements

[0120] Aorta sections were suspended vertically, and in
duplicate. The recorded signal was adjusted to zero for un-
tensioned aorta sections with the aid of an offset dial mounted
onthe pre-amplifier unit. Each aorta section was then exposed
to approx. 5 step-wise increases in tension (each step being
approx. 0.09 N), until a final maximal tension of 0.49 N
(measured using the FTO03 Grass Force transducer) was
achieved. This final level of tension was by no means close to
the physiological maximum force recorded in aorta sections.
The aorta sections were then allowed to relax totally before
being exposed to repeat step-wise increases in tension a fur-
ther two more times, in close succession. Aorta sections were
subsequently removed and weighed.

[0121] Immediately after a step-wise increase in tension,
the recording trace was seen to fall very slightly as the aorta
tissue exerted a degree of elastic recoil. This fall in the record-
ing trace was measured over time using the Average Slope
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calculation available as part of Chart v.5.4 Software (AD
Instruments, Australia). Average Slope (ug ms™) is a time
derivative of the data points in a trace selection, and is calcu-
lated from the least-square line of best fit.

Tension Calculations

[0122] LaPlace’s equation assumes the tension (T) in the
wall of a hollow cylinder is directly proportional to the cyl-
inders radius (r) and the pressure (p) across the wall, caused
by the flow inside the cylinder, such that T=pxr. If one
assumes that the tension in the wall of the aorta sections is
equivalent to that recorded by the force transducer as the
result of a manual stretch, then the pressure that would have
given rise to such an increase in tension can be calculated
using LaPlace’s equation and the measured radius of each
aorta section.

[0123] Thus the measurement of Average Slope (ug ms™")
obtained for each aorta sample was converted into Newtons
(N ms™") before being adjusted for sample weight to give a
final elastic recoil value in N ms™! mg=" wet wt.

Statistical Analysis

[0124] Data are presented as meanxSE. Differences
between means were tested for statistical significance with
the use of a one-way ANOVA and an additional test for
Gaussian Normal Distribution. Data were found to be nor-
mally distributed and to have equal variance. Differences
showing a P value >0.05 were considered non-significant.

Results

Tension Measurements

[0125] Typically, aorta sections were exposed to approx.
0.178 N (0.49 N max. tension/2.75 mg median tissue wt.) of
tension per mg wet weight when fully tensioned. Thus using
LaPlace’s equation and an average aorta radius of 1.0 mm, the
pressure generated was in the order of 0.178 kPa.

[0126] An average manual step increase in tension gener-
ated 0.09 N (4.95x107> N/mg wet wt.), and aorta sections
were typically found to recoil by 0.015 N, a value that repre-
sents approximately 16% of the manually applied tension.

Control Mice

[0127] The elasticity of the aorta for the controls was 3.3x
107°27.8x107" Nms~' mg™" wet wt and 3.4x107%£9.4x1077
Nms~' mg~" wet wt for the first and second series of stretches,
respectively. The repeated stretching protocol resulted in
approximately a 90% decrease in elastic recoil; second versus
first series (FIG. 5).

Na-AKG Mice (A)

[0128] With Na-AKG-intake, the elasticity of aorta sec-
tions was 4.3x107°£1.6x107° N ms™' mg™" wet wt and 3.7x
107%£1.1x10"5 N ms~! mg~! wet wt for the first and second
series of stretches, respectively. Na—AKG-intake also had a
significant effect on arterial elasticity compared with the con-
trol mice (see FIG. 4). The repeated stretching protocol
resulted ina 91% decrease in elastic recoil; second versus first
series (FIG. 5).

Ca-AKG Mice (B)

[0129] With Ca-AKG-intake, the elasticity of aorta sec-
tions was 6.4x107°£2.7x107° N ms™' mg™" wet wt and 3.8x
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107°£1.2x10°° N ms™ mg wet wt for the first and second
series of stretches, respectively. Furthermore, Ca—~AKG-in-
take had a significant effect on arterial elasticity compared
with the control mice (see FIG. 4). The repeated stretching
protocol resulted in a 94% decrease in elastic recoil; second
versus first series (FIG. 5.).

Stretch Series and Arterial Robustness

[0130] In all the arteries studied, the initial stretch series
(e.g. application of tension followed by relaxation) led to a
decrease in elasticity with subsequent applications of tension.
This effect may be compared to the sort of damage that would
be expected to arise with a sudden increase in blood pressure
(see FIG. 5).

TABLE 1

Robustness of aorta sections to stretch. The number of successful
stretches (in triplicate) for excised aorta sections, exposed to
0.49 N max. tension stepwise, without rupture occurring.

First Second Mean
Replicate Replicate (%)
CONTROL 4 out of 6 4 out of 6 66.7
Na-AKG (A) 4 out of 6 5outof 6 75.0
Ca-AKG (B) 4 out of 6 5outof 6 75.0
Discussion
[0131] The results of this study clearly show a beneficial

effect of alpha-ketoglutarate treatment on arterial elasticity in
elderly mice. Moreover, to our knowledge, this is the first time
that a therapy capable of targeting the stiffness of large arter-
ies has been reported.

Animals

[0132] The animals in this study were chosen as adults, to
have a comparable age to that of an elderly human subject.
Upondissection of the aorta from the mice in this study, it was
clear that arterial deposition had taken place such that the
aortas appeared almost white to translucent and even after
dissection, they retained their tubular shape.

Blood Pressure and Tension

[0133] In rats aged 6 months and older, a blood pressure,
obtained by cannulating the abdominal aorta or the iliac or
carotid artery, with a mean of 119 mm Hg was recorded
(upper limit 150, and lower limit 92 mm Hg) (Durant, 1927).
This author also mentions a correlation between age and
blood pressure up until 6 months of age, after which no further
increase in blood pressure was recorded, despite a further
increase in body weight. This value for blood pressure in a
small rodent is very close to that of a resting human subject,
where the systolic pressure is normally 120 mm Hg (16 kPa).
Moreover, the increases in pressure exerted on the artery
sections in the present study represent 1.8% of that typically
found in human arteries, and approximately 1.4% of that
measured in rats (13-14 kPa) (Carroll et al. 2006; Duka et al.
2006).

[0134] The aortic media contains sheets of smooth muscle
cells, which are tangentially attached to the elastic lamellae;
by varying the distribution of force between the elastic and
collagenous fibres, changes in smooth muscle tone provide
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dynamic, or functional regulation of stiffness (McEniery et al.
2007). Indeed at lower levels of arterial pressure, the resulting
stress within the aortic wall is taken up predominantly by the
elastin fibres, whilst at higher levels of arterial pressure, the
stress is generally taken up by the stiffer collagen fibres. Thus
one of the effects of ageing is to engage the collagen fibres at
lower levels of arterial pressure and concomitantly increase
pulse pressure as a result.

[0135] Thetensiondeveloped in an artery depends upon the
thickness of the vessel wall, that is to say the amount of
connective and muscular tissue comprising the wall. Thus, if
one maintains a constant pressure, then Laplace’s equation
would predict that the thickness of the vessel wall should vary
with the radius of the vessel. In reality, however, pressure
within the circulatory system is not constant, indeed it falls off
through loss by friction. Yet despite this, for a time the larger
and smaller vessels follow Laplace’s law according to a sim-
plified equation.

[0136] The Laplace equation states that the fluid pressure P
within a vessel wall is balanced by the tension T of the wall,
divided by the radius of curvature r, and the external pressure
P,.» such that P=p,+T(1/r). If one chooses to neglect external
pressure and any support from surrounding tissues, dealing
only with a cylindrical artery of a reasonable size, then the
equation can be reduced to P=T/r. In the present study the
aorta sections were dissected from the abdominal aorta, prior
to the right- and left common iliac arteries, and were of such
a diameter that they fulfilled the requirements needed to com-
ply with Laplace’s law.

Ageing Arteries

[0137] Ageing, which affects organs, tissues and cell types
within an organism in different ways, can in many ways be
regarded as a differential rate of functional decline (Calabresi
etal. 2007). In the vascular wall of large arteries, age-related
structural changes occur including stiffening and thickening
of the media as well as enlargement of the lumen diameter
(Marin & Rodriguez-Martinez, 1999; Dao et al. 2005), and
very often these changes are heterogeneous along the arterial
tree (Hajdu et al. 1990; Moreau et al. 1998; Laurant et al.
2004). In aorta from aged rats, modification in smooth muscle
cell number, increased collagen deposition, and structural
alterations of elastin are characteristic features (Jacob, 2003;
Dao et al. 2005). Indeed a number of studies report a decline
in smooth muscle cell number with age (Cliff, 1970; Orlandi
et al. 1993), an increase in collagen type I and III in arteries,
and arelative reduction in elastin density (Jacob, 2003; Dao et
al. 2005; Marin, 1995).

[0138] It is worth noting that the stretch approach adopted
in the present study revealed a much weaker degree of elastic
recoil in the second cf. the first series of repeated stretches.
This point highlights and emphasises the ability, or lack
thereof, of elderly aorta sections to cope with a period of
relatively mild stretch equivalent to an increase in blood pres-
sure of 0.178 kPa. The second stretch may therefore be seen
as an index of robustness, which under the present circum-
stances did not appear to exist in the elderly mouse aorta
sections. In man, by the age of 60 years, an average individual
has experienced over 2 billion stress cycles of the aorta (aver-
age heart ratexage) (McEniery et al. 2007), with damage
arising from such stress cycles requiring immediate adjust-
ment and repair involving the elastin, collagen and smooth
muscle components of the vessel wall. In the present study,
there was no possibility for adjustment to smooth muscle
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tone, or any chance of repair to elastin and collagen fibres,
hence the fact that after the first series of stretches, almost
90% of the elastic recoil (N ms™' mg ™" wet wt.) in the Control
aortas had been lost, and that similar levels of elastic recoil
were found during the second series for the AKG-treated
mice, indicates just how vulnerable large vessel recoil is to
damage in elderly mice.

Arterial Elastic Recoil and AKG

[0139] Whilst traditional antihypertensive agents have
been reported to reduce arterial stiftness, mostly via an indi-
rect effect of lowering mean blood pressure, the relative
immunity of peripheral arteries to stiffening with age is usu-
ally attributed to a much lower ratio of elastin to smooth
muscle and collagen, although it may also reflect other bio-
logical processes such as the ability of arteries to remodel
themselves (McEniery et al. 2007).

[0140] Alpha-ketoglutarate, a rate-determining intermedi-
ate in the Krebs cycle, plays a crucial role in cellular energy
metabolism. It also functions as a source of glutamate and
glutamine, as well as stimulating protein synthesis and inhib-
iting protein degradation (Hammarqvist et al., 1991). Interms
of collagen metabolism, AKG acts not only as a co-factor for
prolyl-4-hydrolase which catalyzes the formation of 4-hy-
droxyproline, essential for the formation ofthe collagen triple
helix, it also contributes to collagen synthesis through an
increase in the pool of proline from glutamate (Son et al.
2007).

[0141] The better effects in Ca—AKG group as compared to
Na-AKG groups can be explained by longer lasting avail-
ability of AKG offered in the Ca—AKG salt. The Ca-salt is
acting as slow release for the AKG ion controlling its appear-
ance in the intestinal lumen since its solubility is 2 g per 100
ml while the solubility of Na—AKG is 50 times higher. Thus
the AKG anion is more rapidly available in the form of
Na-AKG. In such situation, a large proportion of the AKG is
simply converted to energy when the blood levels are over
approximately 10 pg/ml. After enteral administration of
Na-AKG blood level of AKG can easily exceed 10 pg/ml.
This is never or seldom observed after enteral administration
of Ca-AKG. When AKG is offered in the form of Ca-AKG
it is released slowed and for a longer time period thus having
more time to be converted to proline and other amino-acids
instead of energy.

[0142] AKG has recently been identified as being a natural
ligand for a G-protein-coupled-receptor (CPR99), which is
currently known to be expressed in kidney, testis and smooth
muscle (He et al., 2004). As a G-protein-coupled receptor
ligand, AKG might form a link between TCA-cycle interme-
diates and both metabolic status and protein/collagen synthe-
sis, indeed this may well prove to be the underlying cause for
the observed beneficial effects on aorta wall elasticity seen in
the present study.

CONCLUSION

[0143] The results of this study indicate that AKG is effec-
tive in improving arterial elasticity not only in subjects that
have undergone gastric surgery (example 1) but also other
subjects having decreased arterial elasticity. In this case, the
subjects were elderly rodents, which are deemed to be a
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relevant model also for human subjects having decreased
arterial elasticity which are also usually aged.
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1-12. (canceled)

13. A method of treatment for improving blood vessel
elasticity in a subject in need thereof, which method com-
prises administering to a subject in need thereof an effective
amount of at least one member selected from the group con-
sisting of

a. alpha-ketoglutaric acid (AKG);

b. pharmaceutically acceptable salts of alpha-ketoglutaric
acid;

c. amides of an amino-acid, a dipeptide or a tripeptide and
alpha-ketoglutaric acid and pharmaceutically accept-
able salts thereof, and

d. pharmaceutically acceptable physical mixtures of alpha-
ketoglutaric acid or a pharmaceutically acceptable salt
thereof and at least one amino acid or a pharmaceutically
acceptable salt thereof.

14. The method according to claim 13, wherein the blood

vessel is an artery.

15. The method according to claim 13, wherein the subject
is in need of treatment and/or prophylaxis of hypertension,
pulmonary hypertension, retinal vascular disease, ventricular
hypertrophy or arterial aneurysm.

16. The method according to claim 13, wherein the subject
has undergone gastric surgery.

17. The method according to claim 16, wherein the gastric
surgery is gastric bypass surgery, gastrectomy, partial gas-
trectomy or gastric banding.
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18. The method according to claim 13, wherein the subject
is suffering from a condition involving malnutrition.

19. The method according to claim 13, wherein the subject
is elderly.

20. The method according to claim 13, wherein alpha keto-
glutaric acid, or an alkali or alkaline earth metal salt thereofor
a combination thereof is administered.

21. The method according to claim 20, wherein sodium
alpha-ketoglutarate or calcium alpha-ketoglutarate is admin-
istered.

22. The method according to claim 13, where the dosage
given to a patient is in the interval from 1 to 1000 mg/kg body
weight/day of the substance.

23. The method according to claim 22, where the dosage
given to a patient is in the interval from 10 to 400 mg/kg body
weight/day of the substance.

24. The method according to claim 23, where the dosage
given to patients is in the interval from 10 to 100 mg/kg body
weight/day of the substance.

25. The method according to claim 14, wherein alpha keto-
glutaric acid, or an alkali or alkaline earth metal salt thereofor
a combination thereof is administered.

26. The method according to claim 15, wherein alpha keto-
glutaric acid, or an alkali or alkaline earth metal salt thereofor
a combination thereof is administered.

27. The method according to claim 16, wherein alpha keto-
glutaric acid, or an alkali or alkaline earth metal salt thereofor
a combination thereof is administered.

28. The method according to claim 17, wherein alpha keto-
glutaric acid, or an alkali or alkaline earth metal salt thereofor
a combination thereof is administered.

29. The method according to claim 18, wherein alpha keto-
glutaric acid, or an alkali or alkaline earth metal salt thereofor
a combination thereof is administered.

30. The method according to claim 19, wherein alpha keto-
glutaric acid, or an alkali or alkaline earth metal salt thereofor
a combination thereof is administered.

31. The method according to claim 25, wherein sodium
alpha-ketoglutarate or calcium alpha-ketoglutarate is admin-
istered.

32. The method according to claim 26, wherein sodium
alpha-ketoglutarate or calcium alpha-ketoglutarate is
administered.



